A field study was conducted in Ankara, a semi-arid region of Central Anatolia, Turkey. Yuva and Cantaloupe Sally F 1 melon cultivars (Cucumis melo L.) were irrigated by drip method from transplanting to the beginning of the flowering (I f ), fruit set (I fs ), ripening (I r ), and harvest (I h ), and included a non-irrigated treatment (I 0 ). Growth, yield, and fruit quality parameters in response to the duration of irrigation season were determined. The number of shoots and female flowers per plant, shoot length, and titratable acidity in Cantaloupe were lower than in Yuva, while similar total soluble solids content of fruit flesh was obtained in both cultivars. Irrigation application provided for an increase in the fruit number per plant, fruit size, fruit weight, and yield, and resulted in a decrease in total soluble solids and the ratings of sensory characteristics compared with non irrigated treatments in both cultivars, but these increases and decreases in the above parameters could not be correlated with the increase in the duration of the irrigation season, hence the amount of seasonal irrigation water. The highest yields were obtained in I r treatment in Yuva and in I r and I h treatments in Cantaloupe. Continuing irrigation during fruit ripening furthered shoot growth in both cultivars, did not affect yield in Cantaloupe, and remarkably reduced yield in Yuva. Irrigation from the stage of transplanting until the beginning of fruit ripening was suggested as well for both cultivars with regard to considerably high yield and high fruit quality. In this irrigation program, irrigation water amounts of 388.3-441.4 mm were applied, seasonal evapotranspiration of 499.0-587.1 mm was found, and a yield per plant of 6105-6206 g in Yuva and 7533-7878 g in Cantaloupe was obtained. 
INTRODUCTION
The aim in crop production produce high yield and quality products which reach consumers with least quality loss. This is closely related to ecological conditions that the product is exposed to as well as cultural practices during the cultivation. Water is involve in many events in plants. Thus, water has a significant impact on the plant and fruit formation and development. In case of inadequate or unbalanced water is reduced melon fruit quality and fruit can not widened enough (Karaçalı, 1993) .
Melons can be cultivated in dry and irrigated conditions. In order to cultivate in dry conditions, rainfall should be relatively high in the spring and early summer period (Günay, 1992) . The main objective of melon cultivation is not to obtain not only the highest fruit yield per unit area. The aim is achieved high yield that fruit size and weight have high market value, good quality and long life durability after harvest (Warriner and Henderson, 1989; Hartz, 1997; . Melon (Cucumis melo L.) is an annual fruit with hairy body and superior aroma. Since it has summer and winter varieties, it is consumed all around the year. Turkey with proper climate conditions has a significant role in melon production (Sakaldas et al, 2009) . World melon production is 20 million tons and China meets 6.6 million tons (34.5%) of this world production and Turkey has the second place inproduction with 1.8 million ton (9.4%) (BATEM, 2010) .
Melon is moderately sensitive to soil salinity and the lack of soil water (Kuşvuran, 2007) . The most sensitive periods for soil water deficit are fruit setting and flowering (Fabeiro et al., 2002) . Soil water deficit occurring during the ripening stage does not significantly affect fruit yield and generally increases or does not change fruit quality, particularly soluble solids, which primarily represent the sugar content of fruit flesh (Warriner and Henderson, 1989; Shishido et al., 1992; Hartz, 1997; Gil et al., 2000; Faberio et al., 2002) . Irrigation performed close to time of harvest causes a reduction in soluble solids (Bhella, 1985; Lester et al., 1994) . Application of saline water lowers yield, but results in an increase in soluble solids in general (Medlinger and Fossen, 1993; Meiri et al., 1995; Amor et al., 1998) .
Melon is commonly irrigated by furrow or drip methods. In soils with a considerably high water holding capacity and under full irrigation, similar yields could be obtained with both methods, but irrigation water requirements fall and water use efficiency rises with drip irrigation (Bogle and Hartz, 1986; Warriner and Henderson, 1989) . Frequent irrigation causes cracks in fruit, and very rare irrigation limits root and shoot development and also fruit size and yield (Flocker et al., 1965; Pew and Gardner, 1983) . Use of drip irrigation can increase fruit size and marketable yield and may also bring about early harvest in sandy soils (Shmueli and Goldberd, 1971; Bhella, 1985; Warriner and Henderson, 1989; Coelho et al., 1999; Sousa et al., 1999; Leskovar et al., 2001 ).
Irrigation at proper time with the proper amounts of water is a critical issue to provide optimum yield and quality in plant production (Tekiner et al., 2010) . Yıldırım et al., (2009) obtained the highest yield from drip irrigation with full irrigation. Dogan et al., (2008) Barros et al., (2002) applied different amounts of irrigation water (233.8, 222.4, 204.4, 183.5, 158.9 and 132.2 mm) and nitrogenous fertilizer (0, 75, 150 and 300 kg ha The studies related with the effect of irrigation programs on melon growth and yield indicate that selection of a particular cultivar could dictate the specific irrigation program and water requirements, in addition to the usual factors such as climate, soil, topography, and water resource. For this reason, this study was undertaken to determine appropriate irrigation program involved with irrigation season for drip-irrigated Yuva and Cantaloupe melons grown in soils with high water holding capacity in a semi-arid region.
MATERIALS AND METHODS

Experimental site
This study was carried out in an experimental field in the Horticultural Research Station of Agricultural Faculty of Ankara University, Turkey, (40 In each experimental year, soil samples were collected at 0-30 cm, 30-60 cm, 60-90 cm, and 90-120 cm soil layers of two profiles before starting of the experiments. Texture class, electrical conductivity, lime content, and available water-holding capacity were found clay-loam, 0.91-1.08 dS m -1 , 13.3-15.5%, and 151.4 mm m -1 , respectively (Table 1) .
Soils at the experimental site were deep and quite homogeneous in composition with respect to soil texture and topography. In addition, soil intake rate was found to be 5.4 mm h -1 using double ring inflitrometers. The water resource was a deep well, and the electrical conductivity of the irrigation water was found to be 1.9 dS m -1 .
Treatments and experimental design
Yuva and Cantaloupe Sally F1 cultivars of melon (Cucumis melo L.) were irrigated by drip method. Treatments were full irrigation from transplanting to the beginning of flowering (onset of blooming, I f ), fruit set (setting of the first two fruits, I fs ), ripening (full fruit swelling, I r ), and harvest (I h ) stages; a nonirrigated treatment (I 0 ) was also considered. Because soil texture and topography were quite homogeneous, the experimental design was a factorial randomized parcel design with 10-30 replications. Data obtained from an observed plant were taken as a replicate. Each parcel included four plant rows and 21 plants in each row. Plantation intervals were 1.40 x 1.00 m (Gunay 1992; Sari et al., 2000) . Observations and measurements were done on 10 plants for growth and on 30 plants for yield parameters in two rows in the middle of a parcel (Figure 1 ). discharge rate at 1 bar operational pressure and drippers were spaced at 0.75 m in order to obtain a continuous wet strip along plant row and an appropriate wetted soil surface. This arrangement was chosen because of principles put forward by Papazafiriou (1980) and Yıldırım (2005) with respect to soil characteristics and row spacing of plants. In the first year, the percentage of wetted area was determined by digging soil with a shovel and measuring the shape of wetted soil surface at a soil depth of 20-30 cm at 18 locations one day after the first and second irrigations (Merriam and Keller, 1978) . The mean percentage of the wetted area was determined 64.3%. 
Soil moisture measurements
The volumetric soil moisture content was measured in each 30 cm layer of the 120 cm soil depth using a neutron-probe (CPN, 503 DR Hydroprobe) calibrated for the soil characteristics of the experimental site. For this purpose, 2" aluminum access tubes were installed approximately in the middle of each parcel about 25 cm in proximity to a randomly chosen dripper.
The moisture contents at soil depths of 90 cm and 120 cm were used for the determination of water content applied for each irrigation and seasonal evapotranspiration, respectively.
Irrigation
The same irrigation water amount was applied to the irrigated treatments for both cultivars. Irrigation was initiated when 30-40% of water holding capacity was consumed (Faberio et al., 2002) in a 90 cm soil depth to bring the measured soil moisture content to field capacity. Water amount applied during each irrigation was calculated using the equation 1.
where d is water amount applied during each irrigation (mm); FC 0-30 , FC is the field capacity (% vol.) at the soil depth of 0-30 cm, 30-60 cm, 60,90 cm, respectively. M 0-30 , M 30-60 , M 60-90 is soil moisture (% vol.) measured at the beginning of irrigation at soil depths indicated above, D is depth of soil layer (300 mm), and P is the ratio of wetted soil area (0.643). Irrigation water amounts of between 26.3 mm and 35.0 mm were applied for each irrigation.
Seasonal evapotranspiration
Seasonal evapotranspiration was determined according to the soil moisture balance. For this purpose, the amount of seasonal irrigation water and the effective rainfall were added to the soil moisture difference measured at transplantation and at the last harvest (Jensen et al., 1989) . where ET is seasonal evapotranspiration (mm), R is effective rainfall (mm), I is seasonal irrigation water applied (mm), D is deep percolation (mm), and ΔW is seasonal variation in moisture content in 120 cm soil depth.
Soil moisture values measured at the 120 cm soil depth were considered for seasonal evapotranspiration to cover a probable deep percolation. Rainfall levels were considered to be effective because individual rainfall which occurred during production periods in experimental years was less than 25 mm. In addition, surface runoff was not factored.
Cultivation, plant protection, and fertilization
Standard farming practices were used for cultivation and plant protection at the experimental site. Fertilizer type and amounts were determined based upon the results of soil productivity analysis, which were done for both experimental years. Drip fertilizer amounts of 340 kg ha 
Growth, yield, and fruit quality measurements
The count of female flowers per plant was made during the flowering period on ten plants randomly chosen from 30 observed plants in each experimental plot. Shoot number per plant and shoot length were determined using the same 10 plants during a week stage before harvest.In each experimental plot, the number of marketable fruits per plant and the weight of each fruit were determined from 30 observed plants to evaluate mean fruit weight and total fruit yield per plant. In addition, the equatorial and longitudinal lengths of the whole fruits of a plant were measured and the average of these two values was defined as fruit size.
Six fruits were randomly chosen from the whole of harvested fruits in a plot, and these selected fruits were then cut into slices. Ten experts graded sensory characteristics of the fruits; with grading being numeric:5 (excellent), 4 (good), 3 (moderate), 2 (bad), and 1 (very bad) taking into account odor, taste, aroma, color, brightness, and hardness of fruit flesh (Fallik et al., 2001) . The remaining flesh of the six selected fruits was blended and the resulting juice was filtered. Total soluble solids content in the juice was determined by a refractometer and expressed as a percentage. Acidity was determined by potentiometric titration to pH 8.1 with 0.1 N NaOH, using 50 mL of juice. Results were expressed as the percentage citric acid in juice (Mitcham et al., 1996) . These analyses were done with three replications.
Statistical analysis
All data on growth, yield, and fruit quality were analyzed statistically by ANOVA as factorial randomized parcels design (Winer et al., 1991) using MINITAB statistical software. Means were found to be significantly different at the 0.05 level using Duncan's multiple range test. The ratings of sensory characteristics were not subjected to parametric testing.
RESULTS
Irrigation and evapotranspiration
The seasonal irrigation water amounts applied and evapotranspiration results for each variety are shown in Table 2 . Irrigation water amounts between 171.4-551.9 mm were applied to the irrigated plots; in addition, those of 15.4 mm in 2005 and 34.7 mm in 2006 were applied to the non-irrigated treatment at plantation to ensure seedlings began to grow. The necessity of treatments, seasonal irrigation water amount increased when the duration of irrigation season was long and higher irrigation water amount resulted in higher seasonal evapotranspiration as expected.
Growth components
The statistically analyzed results of shoot number per plant, shoot length, and female flower number per plant are shown in Table 3 .
Shoot number
The mean shoot number per plant varied between 4.6 and 5.6 for Yuva and between 3.9 and 5.0 for Cantaloupe. In general, smaller shoot In this year, shoot number was the lowest in the treatments of I r and I h (3.9) in which irrigation water was applied until the beginning of ripening and harvesting, respectively.
Shoot length
The mean shoot length was found to be between 161.6 cm and 222.5 cm for Yuva and between 124.5 cm and 190.6 cm for Cantaloupe. Irrigation applications increased shoot length in both cultivars, and longer shoots were formed in Yuva than those formed in Cantaloupe. Shoot growth was particularly more evident with irrigation application at least until the beginning of fruit ripening (I r ) and continuing irrigation during the ripening stage (I h ) furthered shoot development in both cultivars.
Female flower number
Years (Y) and irrigation treatments (I) did not significantly affect the mean female flower count per plant. However, larger female flowers formed in Yuva (8.8-13.5) than those in Cantaloupe (2.6-4.3).
Yield components
The results of the mean number of fruits per plant, fruit size, fruit weight, and fruit yield per plant are shown in Table 4 including statistical analysis. The YxI interaction for the whole yield components was found to be significant in both cultivars. 
Fruit number
The mean fruit number per plant varied between 1.4 and 3.5 for Yuva and between 2.2 and 3.9 for Cantaloupe. For Yuva melon, more fruits developed on plants in the I f treatment in year 2005 (3.5) and in the treatments of I f and I r in year 2006 (2.4) than the other treatments. The lowest fruit number was counted in the non-irrigated treatment (I 0 ) in both years. However, the lowest value was also obtained in the I h treatment in which irrigation water was applied until the beginning of harvest in year 2005. 
Fruit quality components
The results of total soluble solids (TSS), titratable acidity (TA), and ratings of sensory characteristics (RSC) of fruit flesh are shown in Table 5 with statistical analysis for TSS and TA. 
(1) (2) (3) (4) Year (Y) *** y ns *** * ns ns ns ns Irrigation treatment (I) *** ** *** *** *** *** *** *** YxI ** *** *** *** *** *** *** ***
Total soluble solids
The mean total soluble solids of fruit flesh ranged from 8.4% to 10.1% for Yuva and from 8.6% to 11.3% for Cantaloupe. TSS was not significantly affected by years (Y) and irrigation treatments (I) for Yuva while these factors significantly affected TSS of Cantaloupe.
For Cantaloupe, higher TSS was obtained in 2006 (10.0%) than that obtained in 2005 (9.2%). The highest TSS was measured in the non-irrigated treatment (I 0 , 10.6%) following the treatments of I f (9.9%) and I h (9.6%). TSS was lower in the other irrigation treatments. Irrigation applications caused a reduction of TSS.
Titratable acidity
Titratable acidity (TA) varied between 0.08% and 0.17% for Yuva and between 0.03% and 0.09% for Cantaloupe. TA values of fruit flesh in Cantaloupe were significantly lower than those in Yuva. For Yuva melon, irrigation treatments (I) significantly affected TA irrespective of years (Y). The highest and lowest TA values were found for I 0 (0.15%) and I h (0.09%) treatments, respectively. TA values were generally moderate in the other treatments. Irrigation applications reduced TA and this reduction was further evident in the I h treatment in which irrigation was continued during the ripening stage. For Cantaloupe melon, the YxI interaction was found to be significant. The highest TA was obtained in the treatments of I 0 and I fs in 2005 (0.06%) and in the I h treatment in 2006 (0.09%).
Ratings of sensory characteristics
The mean ratings of sensory characteristics varied between 2.9 and 4.5 for Yuva and between 3.1 and 4.6 for Cantaloupe.The highest RSC were obtained in the non-irrigated treatment (I 0 ) for both cultivars in both years (4.3-4.6 ). The lowest ratings were registered in the I fs treatment in Yuva in both years (2.9-3.1). In Cantaloupe, RSC were the lowest in the treatments of I f and I h in 2005 (3.1), and in the I fs treatment in 2006 (3.5).
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DISCUSSION
Growth
As shown in Table 3 , the higher values related to growth components such as shoot number, shoot length, and female flower count were obtained in Yuva than those in Cantaloupe. This result may be attributed to cultivar characteristics. On the other hand, although female flower count did not depend on irrigation treatments, a positive relation was observed between vegetative growth (considering shoot length and the number of shoots per plant) and the duration of irrigation season (consequently amount of seasonal irrigation water applied). Hence continuing irrigation during ripening stage (I h treatment) furthered shoot growth. These findings are similar the results obtained by Pew and Gardner (1983) and Ribas et al. (2000) who found that vegetative growth was higher under full irrigation instead of limited irrigation.
Yield
Compared with the non-irrigated treatment, irrigation applications generally increased the number of fruits per plant in both cultivars (Table  4) . However, a regular increment in fruit number could not be found with increasing the duration of irrigation season. This does not confirm the suggestion by Hernandez et al., (1995) that more fruits form on melon plants under full irrigation rather than limited irrigation. Our findings that higher irrigation water amounts result in larger fruits or a consistent increase in fruit size. However, continuing irrigation during the ripening stage did not significantly vary fruit size in both cultivars in general., This result agrees with the findings of Meiri et al. (1995) and Hartz (1997) , in that irrigation during ripening stage does not affect fruit size, and with the findings of Sousa et al. (1999) in that the effect of irrigation frequency on fruit size was not significant. On the other hand, Matheis and Fellman (1999) have reported that irrigation close to harvest could result in an increase in fruit volume.
This study shows that irrigation applications increase fruit weight compared with no irrigation, and this increase in fruit weight was also found when irrigation was employed until the beginning of fruit ripening or harvest. Pew and Gardner (1983) revealed that milder limited irrigation did not affect fruit weight of melon, however, excessive soil moisture deficit in the root zone resulted in small fruits. In this study, irrigation applications significantly increased fruit yield in both cultivars compared with no application of irrigation. The highest fruit yields were obtained for irrigation from transplantation to the beginning of ripening stage in Yuva melon. For Cantaloupe melon, continuing irrigation during ripening stage caused yield reductions in 2005 and yield increments in 2006. Thus, it can be concluded that continuing irrigation during ripening stage should not be necessary for Cantaloupe.
Yield results obtained in this study were similar to findings reported by others irrigation results in increased melon yield (DeTar et al., 1983) ; both full and mildly limited irrigation does not significantly affect melon yield (Pew and Gardner 1983; Hernandez et al., 1995; Alizadeh et al. 1999 ); considerably limited irrigation should increase melon yield instead of the use of full irrigation (Gil et al., 2000; Lei et al., 2003 Sensoy et al, 2007 Tekiner et al., 2010) ; and limited irrigation during the stages of flowering and fruit development causes yield reduction and soil water deficit during ripening period but does not result in significant differences in fruit yield (Faberio et al., 2002) . This report is in contrast with the findings of Ribas et al. (2001) , in which they found that limited irrigation reduces fruit yield of melon.
Fruit quality
Irrigation resulted in the reduction of total soluble solids, which are primarily the sugar content of fruit flesh. It also decreased the ratings of sensory characteristics in both cultivars in general. However, it could be concluded that continuing irrigation during fruit development and ripening stages could result in considerably higher soluble solid contents. This finding is consistent with results of previous investigations in which it was found that soil water deficit during the ripening stage causes increases or otherwise does not affect fruit quality, particularly of soluble solids, and that excessive water deficit during the whole production period causes an increase in the soluble solids content (Warriner and Henderson, 1989; Shishido et al., 1992; Hartz, 1997; Gil et al., 2000) . In contrast, Matheis and Fellman (1999) reported that irrigation close to harvest should reduce soluble solids content and the sensory characteristics ratings.
CONCLUSIONS
With respect to considerably high yield and the savings achieved by witholding irrigation water throughout the ripening stage, irrigation applied from transplantation to the beginning of fruit ripening is recommended as the most suitable irrigation program (Ir treatment) for drip-irrigated Yuva and Cantaloupe melons grown under semiarid climatic conditions based on the findings of this study. In this irrigation program, total soluble solids contents and sensory characteristics ratings are likely to reach levels of acceptability with regard to expectations of considerably high fruit quality.
